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SEX CONTROL AND KNOWN CORRELATIONS IN 

PIGEONS 1 

Dr. OSCAR RIDDLE 
Station for Experimental Evolution, Cold Spring Harbor, L. I., N. Y. 

When one nowadays states that he has obtained a real 
control — a reversal— of the development of sex, he can 
feel assured that his biological audience demands a very 
large volume of rigid proofs. The first reason for this 
large requirement is, as you well know, that the asser- 
tion of sex control has been often made, and that in most 
of these cases the data have proved disappointing; in- 
adequate in one or another respect. A second reason for 
present widespread skepticism as to even the possibility 
of a real control of sex-development centers in the now 
well-demonstrated fact that in some groups of animals, 
the male— and in other cases the female— produces sex 
cells of two kinds when these are considered from the 
standpoint of their chromosomal numbers or character- 
istics ; and further that each of these two groups of germs 
normally gives rise to organisms of the sex correspond- 
ing to the chromosomal constitution of these germs. 
Moreover, certain linkage phenomena observed in breed- 
ing such forms, unquestionably show themselves to be 
normally associated with these same chromosomal dif- 
ferences. 

But the experimentalist has learned through some pre- 

1 Paper read before the American Society of Naturalists, Columbus, Ohio, 
December 30, 1915. 
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vious contests with ideas of fixity and causality that when 
normal structural correlations have been demonstrated in 
the field of development, nothing has been decided as 
to causality and inflexibility; indeed it is commonly at 
such a point that experiment applies the pressure of new 
or unusual conditions and makes an approach toward 
learning the nature of a phenomenon, by forcing the latter 
to break from its normal correlations, and disclose some- 
thing of its real nature through its versatility— through 
its own capacity to shift from response to one set of 
conditions, to response to another set of conditions. 
Laws of causation, in the field of development, are not to 
be deduced from studies concerning the normal associa- 
tions of the structures of the cell; they may be approached 
through demonstrations of the versatility and responsive- 
ness under pressure of those processes native to living 
matter. 

We have stated that when sex is controlled an audience 
like this will demand a volume of proof. It is clear that 
the time limits here do not admit so extensive a presen- 
tation. I should like to note here, however, that Profes- 
sor Whitman's complete studies on sex in doves and 
pigeons have been prepared for publication, and for sev- 
eral months have been in the hands of the publisher. 
The results of my own studies of the past five years de- 
signed to test the reality of the sex-control, and the na- 
ture of sex, as exhibited in these forms, will already 
doubtless fill another volume. And, since the last volume 
of the posthumous works of Professor Whitman is near- 
ing completion, I can promise that it will not be long be- 
fore the work of preparing my own results for publica- 
tion will be begun. Only when all of these data are fully 
available to you, may we expect a judgment as to whether 
the evidence for our thesis to-day is adequate. It is pos- 
sible to give here, within the time limits, only an outline 
of the hinds of study which have yielded evidence on the 
question of sex-control in pigeons. 

These studies were begun, and carried on for many 
years by Professor Whitman. Pie obtained indispu- 
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tably— a profound modification of tlie sex-ratio, and iden- 
tified in a general way tlie factors associated with the 
modified ratios. Whether the modified ratios signified a 
real control— a reversal— of sex could not at that time 
be definitely decided. It was to help in making a deci- 
sion as to whether the changed sex-ratios signified a 
real— or only an apparent— reversal of sex that I pro- 
posed in the winter of 1908-9 to carry out some chem- 
ical studies on the ova of the doves and pigeons which in 
Whitman's hands were yielding these striking sex ratios. 
The methods for the quantitative and qualitative anal- 
ysis, of the very small samples to he used, were devel- 
oped, and these were tested during 1909-10 on consider- 
able numbers of the larger ova of jungle fowls and do- 
mestic fowls. Since April, 1911, I have carried on this 
and other lines of study to determine if possible whether 
the changed ratios observed by Whitman involve a real 
reversal of sex; this work is being actively continued. 

Whitman showed that "width of cross" in cloves and 
pigeons is of first importance in determining sex ratios 
and that the wider the cross the higher is the proportion 
of males. Family crosses produce— in practically all 
matings— only male offspring. Generic crosses produce 
from their "stronger" germs — those of spring and early 
summer— nearly all males. If, however, the birds of 
such a generic cross be made to "overwork at egg-pro- 
duction"— that is if their eggs are taken from them as 
soon as laid and given to other birds for incubation- 
then the same parents which in the spring threw all or 
nearly all male offspring may be made to produce all, 
or nearly all, female offspring in late summer and 
autumn. At the extreme end of the season eggs capable 
of little, then of no development, are often found in such 
a series. As the birds of such a mating grow older the 
time of appearance of females, and of eggs incapable of 
full development, is reached earlier and earlier in the 
summer or spring. 

In the case of a number of hybrids Whitman showed 
that color is also affected by this pressure of reproduc- 
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tive overwork and season. White color could be ob- 
tained from the later, '"weaker" germs, though this color 
did not appear in birds from the "stronger" germs of 
the earlier season. And further, that white, or whitened, 
"mutants" from pure breds were derived almost or quite 
exclusively from those conditions which produce "weak- 
ened germs." Among such conditions are late season 
and overwork, inbreeding and great extremes of age- 
either very old or very young. This brief outline of 
Whitman's findings on sex is perhaps a more adequate, 
and more accurate, one than I was able to give to one of 
the societies represented here when I had only begun the 
examination of this data in 1911. Two brief summaries 
given on the chart (not given here) will assist in obtain- 
ing a picture of the nature of the results. I may add that 
by very strongly "overworking" females of some species 
— overworking them more strongly than Whitman did — 
I have been able to obtain a high predominance of females 
during autumn from a cross merely of specific' 2 value. 
This result is illustrated by Chart II, though the matings 
there exhibited were prepared for the primary purpose 
■of illustrating results in the study of size. It will be 
noted in the chart that parents overworked in a previous 
year throw a high proportion of females during the whole 
of the succeeding year, and most markedly in late 
autumn. In this mating the ratio at the end of the sea- 
son is 14 females to 1 male; in the other (not previously 
overworked) there was an excess of females only after 
overwork— during the latter half of 1914 (7c?:10$) ; and 
in the year following this overwork there were 21 or 
more females, to 11 or fewer males. Such data are not 
exceptional ; they coincide with the usual. 

Now, in the generic crosses which give all, or nearly 
all, males at the beginning of the season and all, or nearly 
all, females in the autumn what is happening?— true sex 
reversal? or is it selective fertilization, differential mat- 

2 Some data from pure breds (pure species) mated to their own kind 
show also this predominance of females from late autumn under extreme 
overwork ; such predominance is here probably less pronounced than in the 
case of the crosses. 
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uration or a selective elimination of ova in the 'ovary? 
This was from the first the whole of onr own problem. 
We have had no other, nor have we now, except in so 
far as the entire question of the nature of sex— in germ 
and adult— is concerned. 

Our method has been to study the eggs, progeny and 
parents of such series as show this seasonal "reversal of 
the dominance" of sex from as many different angles as 
possible. The result till now is that we have learned 
some ten kinds of facts concerning the germs, or the 
prospective value of the germs, which issue from such a 
series. Let us note that these ten lines of correlated 
fact do not relate merely to a "normal" state of the 
germs, but have to do with measurable changes which 
occur when ova are subjected to the stress of parental 
reproductive overwork, which as Whitman has shown is 
accompanied by a shifting from male-production to 
female-production during the progress of the season. 
The diagrams of chart I will assist in making clear the 
nature and significance of the several correlations. The 
solid lines indicate a double correlation, i. e., for both 
season and egg of clutch ; the broken lines represent cor- 
relations established thus far for only one of these. 

The generic cross that has been most fully studied in- 
volves Turtur orientalis—the Japanese turtle dove, and 
Sireptopelia alba — the white ring dove. These species 
together with their reciprocal hybrids are shown (photo- 
graphed) in another chart (not given here). Some data 
for egg size, and for sex-differences in the adult size of 
the several forms concerned— parents and reciprocal 
hybrids— are also given in that chart. 

The first correlation that we have established for this 
series results from a study of the size of ova — i. e., of 
yolks freed from shell and albumen. The result clearly 
establishes the fact that the yolks of late summer and 
autumn— those that produce mostly, or all, females— are 
larger than the yolks produced in the spring which give 
rise to males. And there is no jump from the one size 
to the other, but what may be better described as a 
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gradual enlargement. This fact is represented diagram- 
matically on chart I, and some of the actual figures may 
be had from the charts dealing with size of offspring 
(II), with analyses (III), and with calorimetry (IV). 
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GHAET I 
Comparative Size of Eggs of alba (a) and orientalis (o). 

At the same time that this seasonal increase in size of 
yolks was learned, it also became evident that the eggs 
of doves and pigeons are dimorphic: That the two. eggs 
forming the pigeon's clutch bear usually— there are ex- 
ceptions—a smaller yolk in the first, and a larger yolk 
in the second. Since Whitman had already shown that 
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in the pure wild species with which he worked, males 
predominate in hatches, from first eggs of the clutch, and 
females predominate in hatches from second eggs of the 
clutch, it became evident that the male-producing yolk 
is smaller— both in relation to season, and to egg of 
clutch, than is the female-producing yolk. Correspond- 
ing to the fact (commonly obtained from ma tings of in- 
dividuals of the same species) that two males or two 
females may sometimes arise from the same clutch, we 
have found that a similar number of pairs of yolks of 
these forms are equal in size ; and too that such pairs may 
be either large or small. The charts just referred to may 
be consulted in this connection. We have previously 
noted (1911, 1912) that in eggs laid by hybrids neither sex 
nor yolk-size bears the above described relations to the 
order of eggs in the clutch. 

Still a third situation has yielded positive evidence 
that the smaller yolks are male-producing and the larger 
yolks female-producing— namely that in respect to age. 
It has already been mentioned that Whitman learned 
that the females which were "overworked" tended, when 
older, to begin the production of females at earlier and 
earlier stages of the season. Now a comparison of the 
size of j^olks derived from younger and from older birds 
has conclusively shown smaller eggs for mature but 
younger birds, as compared with the old birds (see Chart 
2). In scores of individual cases the yolk-size has now 
been followed from youth, and comparative youth, to 
old age. 

In even a fourth situation it has been possible to test 
the relation of yolk-size to sex. Breeding data show that 
from the very first egg in life, and the very first egg pro- 
duced after a long period of rest or inactivity, more fre- 
quently produce a female than do the first eggs of succeed- 
ing pairs, or clutches. Our studies on the size of such 
yolks show a wholly similar reversal of order of size of 
the two eggs of the very first clutches ; the size reversals 
here being more frequent than in the succeeding clutches 
(see Chart 4). 
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CHART II 
Breeding Records — 1914 
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The relation of the order of the eggs in the clutch to 
the prospective sex of the offspring is an important 
point, and we wish here to make this situation clear, 
since it seems that two rather brief statements made in 
1911 and 1912, before the Society of Zoologists, have not 
been understood by all. 

From the time of Aristotle to the present year there 
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CHART II— Continued 
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have appeared statements concerning a predominance — 
or a lack of predominance — of males from the first egg 
and of females from the second egg of the pigeon's clutch. 
It is unnecessary to outline these divergent reports. It 
is only necessary to point out the reason for discordance; 
though the reason we had thought to be quite obvious 
since 1911.. The statements hitherto made have all been 
based on a general statistical method, which is a wholly 
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CHART III 

Summary of Parallel Breeding and Chemical Studies on the Eggs of 

$ T. oriental™ No. 500X St. alia No. 410 for the Year 1912 
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inadequate and useless one for a study of the problem. 
It is now clear that the method that would be valuable for 
this purpose must be a thoroughly analytical one. Whit- 
man has properly analyzed this situation. He has shown 
that normally— i. e., with effects of crossing eliminated— 
from the periods for the production of the strongest 
germs an undue proportion of pairs of eggs produce 
males; and from the opposite period there arise undue 
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CHART IV 
Stored Energy of Eggs (1914) op .Streptopelia risoria (558) as Deter- 
mined by the Bomb Calorimeter, 



No. 


Date 


Wt. Yolk 


Energy 


Per Cent. DiH. 
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666 


Al 6/6 

A2 6/8 


1.010 1 
0.970 
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B2 6/21 


0.855 
1.000 
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700 


CI 7/14 
C2 7/16 
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+31.3? 
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D 8/30 1.395 

E 9/9 or 10 soft shell, broken 
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+19.8 ? 
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775 
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H2 11/22 
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11 12/1 

12 12/3 


1.640 
1.820 


5,614 
6,255 


+11.4 


781 

782 


Jl 12/12 
J2 12/14 


1.535 
1.690 


5,302 
5,601 


+5.6 


791 
792 


Kl 12/23 
K2 12/25 


1.485 
1.718 


5,266 (?) 
5,880 


+ 11.7 ? 



i This egg was not only the first laid during season, but first during liie 
of this bird. 

2 The percentage differences are based upon a value of 100 per cent, for 
the smaller egg of the pair. 

numbers of pairs of eggs that produce females. To 
lump these all together and to count the number of males 
arising from first, and females from .second eggs is plainly 
to cover up or to lose the significance of the intervening 
pairs of eggs which bear the significant data, Again, 
many matings, because of exceptional strength or of 
weakness, will yield a considerable total predominance of 
males or of females, and the statistical method lumps all 
these and others without thought or care of the cancella- 
tions and unsatisfied cancels involved; all of which as 
easily contributes to a smoothing of the results, as it does 
to a smothering of them. 

But Whitman has also shown that not only is the 
method previously employed at fault, but that, much more 
important still, the material used— in probably all of 
those cases in which no correspondence of sex to the 
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order of the eggs of the clutch was found, and where the 
worker has thought it worth while to mention the kind 
of birds studied — such material has been wholly unsuit- 
able to leading to a decision. That is to say, the 
"pigeons" used in these cases were one or another of the 
150 mongrels collectively known as domestic pigeons. 
One of the clearest points of our present knowledge of 
the relation of sex to egg of clutch is that the normal re- 
lations are lost immediately upon hybridisation— i. e. t in 
passing from the pure state of the species. The count- 
less degradations and crossings suffered by the various 
domesticated breeds since their existence as a pure 
species, is therefore a sufficient index of the suitability 
of this material for a study of this subject. Whitman 
demonstrated the predominance of males from the first, 
and of females from the second egg of the clutch when 
pure species mated with pure species produce the eggs, 
and also the random distribution of the sexes from the 
eggs of hybrids. And as early as 1911 and 1912 I dem- 
onstrated charts and lantern slides which showed that the 
size of the yolks from pure species showed with consid- 
erable uniformity a smaller first, and a larger second 
yolk; and further, that this regularity breaks down at 
once and completely in hybrids. 3 

Let us now note the conclusions which follow upon the 
demonstrated dimorphism of the ova 4 in the pigeons, 
when this is reviewed in the light of breeding data on 
these forms and in connection with the demonstrated re- 
lationships of size of yolk to sex— relationships which 
are continued even under the pressure brought by over- 
work, season, and age. 

It becomes clear, first of all, that a selective fertiliza- 
tion by one kind of sperm is quite impossible— the sex 

s Note that in Chart 2, already referred to, where the eggs are produced 
by the female cage or blond ring dove — in which purity of the species is 
often doubtful — that a predominance of males from first, and of females 
from the second egg of the clutch is indicated in both series. In series I, 
where the two sexes arise from a single clutch, the first egg gave rise to 
the male in 6 (or 7?) cases; to a female in 3 cases. In series II the first 
egg yielded males in 9 (or ?10) cases; females in only three cases. 

* Yolk size has now been accurately determined in about 10,000 cases. 
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differential residing in two kinds of eggs and not in the 
sperm. We may here recall that previous to our own 
studies, breeding data obtained from other birds had in- 
dicated that in the birds the sexually dimorphic germs 
are borne by the female— or to use Mendelian terms, 
that the female bird is heterozygous for sex. 

The second conclusion that must be drawn is that a 
selective elimination of ova in the ovary does not occur 
during "overwork," while mated to a mate of another 
genus, nor otherwise, since the two kinds of ova are — 
from their size relations— positively known to present 
themselves under these, and under all the conditions 
which have been studied. In other words, the generic 
cross, which produces all or nearly all males in the spring, 
and all or nearly all females in the autumn, is utilizing 
in the spring a number of female-producing ova for the 
production of males, and in the later season is utilizing 
for the production of females ova one half of which had 
initial inclinations for the production of males. Note 
too that the evidence for the continued production during 
the season of ova of two kinds as regards sex does not 
rest alone on our knowledge of the dimorphic ova. For, 
from breeding data we learn that if the same female 
which threw all males in the spring and all females in the 
autumn, had been mated to one of her own species, then 
both males and females would certainly have appeared 
at all seasons, and largely or wholly in relation to the 
order of the eggs of the clutch, with but slighter effects 
of season to be noted. If the overwork were extreme, a 
predominance of females in late autumn might be ex- 
pected ; but in the earlier season the sexes would surely 
be found in nearly equal numbers. Several of the cor- 
relations soon to be mentioned, moreover, further attest 
that ova of two grades— in respect to sex— are produced 
throughout the year. 

The data thus far examined exclude the possibilities 
of accounting for the observed sex-ratios of the generic 
cross on the basis of a selective action of the sperm, or 
of a selective elimination of ova in the ovary. What 
light do these data shed on the possibility of accounting 
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for the seasonal difference in sex-production on the basis 
of a differential maturation ? The fact that the sperm is 
present in the pigeon's egg during the whole of the 
second maturation division may properly raise this ques- 
tion. On this point we must say that the particular data 
we have just been citing are perhaps not entirely con- 
clusive; these data alone, however, offer the following 
significant points for consideration: To account for the 
observed sex ratios of the generic cross the maturation 
would have to be definitely differential in (1) the elim- 
ination of an X chromosome 5 during the spring from one 
half of the ova, and the retention of this same X in the 
homologous eggs of the autumn. (2) The elimination 
of a Y chromosome from the other half of the eggs laid 
during the autumn, and the retention of all these same 
Y's in homologous eggs of the spring; and (3) all other 
chromosomes than the sex chromosomes must display 
no such thing as seasonal preferences for "staying" or 
for "going," since every observable character of the 
hybrids betrays the presence of both of the parental 
genera. This is not all, but let us pause at this point to 
note that even if the sex chromosomes were here capable 
of such wholly unknown and almost unthinkable be- 
havior, that they have— after all— in this case wholly 
lost the initiative in governing sex, since it is the place 
in the season and the degree of the pressure of the over- 
work that has been shown to prescribe the sex of the off- 
spring; and further, the correlations of size, water con- 
tent, energy storage, etc., which we have proved to exist 
throughout the whole season— these correlations are all 
established prior to the formation of even the first polar 
body; this latter being formed only at the time of ovula- 
tion, and the second polar body forming 1 to li hours 
after the entrance of the egg into the oviduct. 
If, however, we were inclined to set no bounds to the 

s The chromosome situation in the germ cells of female doves and pigeons 
is as yet quite unknown. But whatever it may be, our statement illustrates 
the difficulties of a chromosome theory in the cases under consideration. 
We make use of a familiar case in which XY germs are male-producers, 
and XX germs female producers. 

6 I: e., in eggs of identical (original) chromosomal constitution. 
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marvels of selective power that may be exhibited by the 
sex chromosomes, and to feel that even the above difficult 
formula remains for them a possibility, we may refer to 
the decisive data obtained in studies on the sex behavior 
of the birds which are hatched from such a sex-controlled 
series. We shall there see that those data differentiate 
several grades of females. Some are quite nearly males, 
—though they lay eggs. Is it too hazardous to suggest 
that in one and the same egg the T could hardly have 
"gone out" to allow the egg to develop into a female, 
and yet have "stayed in" in order to deliver the rela- 
tive masculinit3 r that we easily detect and measure? If 
sex is directly the creature of a sex chromosome, the sex 
situation found in some of my female doves requires that 
the male-producing chromosome be eliminated from, and 
retained in, one and the same egg ! The only alternative 
that it is within my power to imagine is that in addition 
to the selective elimination of the T's during autumn, 
there be further postulated a gradual fractional elim- 
ination of parts of this chromosome, larger and larger 
parts being eliminated during the progress of the season. 
Or, that the reverse of this occurs, namely that the T, 
during the progress of the season, gradually adds some- 
thing of X quality to itself, finally becoming more X 
than Y. For those who would value this interpretation 
I have no evidence or word of contradiction. The fact 
must always remain that our procedures have not only 
produced male and female from ova of opposed initial 
tendency— largely under control— but that several grades 
of intermediate sex have also been produced. 7 

7 Three previous publications, besides several addresses before the Amer- 
ican Society of Zoologists and elsewhere, have clearly stated this result. 
The publications now two years since, and the citations are as follows: (a) 
Carnegie Year Booh, No. 12, 1913 (p. 322), Eeport of Year's Work. "The 
results strongly indicate that the hereditary basis of sex (and, therefore, 
probably all characters) is a quantitative, graduated thing; not qualitative 
and alternative as rather generally believed." (6) Science, N. S., Vol. 39, 
No. 1003, Mar., 1911 (p. 440), "A Quantitative Basis of Sex as Indicated 
by the Sex Behavior of Doves from a Sex Controlled Series. " " These . . . 
results together with our very abundant data on the storage metabolism of 
the ova of these forms, and the initial fact of sex-control itself, strongly 
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"We shall be able presently to note more closely the con- 
clusive facts as to the matter of a differential matura- 
tion. Continuing our examination of the further data 
which we know correlate with this sort of a sex-series we 
shall meet with additional and other kinds of facts which 
lead toward a constructive view of the nature and basis 
of sex; facts immediate and specific concerning the meas- 
ured powers or capacities of these series of ova which 
present us the sort of sex-series in question— facts which 
reveal sex in quantitative terms. 

Correlations marked (2) and (3) on Chart 1 were first 
noted by Professor Whitman. I have been able every 
year to find many confirmations of his conclusions. 

The curve for "Developmental Energy" on the chart 
indicates a progressive seasonal decrease of this capacity 
in the fertilized eggs ; a decrease from spring to autumn. 
Now the evidence is unquestionable for the lowest part 
of the curve— the autumn. In general, least develop- 
ment proceeds from the last eggs of the season. These 
are the largest eggs of the year. There is also less de- 
velopment in the second eggs of the clutch. These are 
.the larger of the clutch. It is thus seen that the larger 
the yolks the less "developmental energy" possessed by 
them. 

The "Length of Life" of the several offspring of such 
a sex-series tells again of an advantage possessed by the 
earlier hatched birds, and of a more limited life-term 
affixed to the later hatches. It is further probable that 
within the group of clutches giving rise to females only, 
a longer average life-term falls to those who hatched 
from the first egg of the clutch, than to those arising 
from the second. Here, then, as in correlation no. (2) 
the smaller eggs of clutch and season are the eggs pro- 
indicate that the basis of sex is a fluid, reversible process; that the basis 
of adult sexual difference is a quantitative rather than a qualitative thing." 
(c) Bulletin of the American Academy of Medicine, Vol. 15, No. 5 (Oc- 
tober, 1914) (pp. 265-285), "The Determination of Sex and Its Experi- 
mental Control." "The sum of these results, together with the initial fact 
of sex control itself, practically prove that the basis of sex is a fluid, re- 
versible process, that the basis of adult sexual difference is a quantitative 
rather than a qualitative thing (p. 277)," etc., etc. 
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ductive of "strength." The larger eggs both of clutch 
and season more often' display "weakness." And in 
passing we might note that by the procedures involved 
in these sex-series it is possible to graduate the fatal 
dosage, and in great measure to predict which of particu- 
lar germs must come to an end first. 

The fourth kind of fact pertaining to the eggs of this 
series, proceeds from the results of more than 800 chem- 
ical analyses of individual eggs. The results of earlier 
studies of this nature were described in 1911 s and 1912 
more fully than time limits will here permit ; but the na- 
ture of these results can be noted with the help of Chart 
3. It will be observed that not only does the size of the 
egg increase with its later position in the series, i. &., 
with lateness of season, but the percentage of energy- 
yielding or stored materials increases as much as, or pos- 
sibly more than, is indicated by the size— or net weight— 
of the yolk. 

The importance, for our present purpose, of the re- 
sults of these analyses is that they conclusively show (1) 
that the male-producing egg of the spring is an egg that 
stores less material than does the female-producing egg 
of the autumn. (2) That the male-producing egg of the 
clutch stores less material than does its female-producing 
mate. (3) That the eggs of old females store more ma- 
terials, and— as has been noted— yield a higher percen- 
tage of females, than do birds not old. Therefore, it be- 
comes evident that the egg of female-producing tendency 
is one whose storage metabolism is high, as compared 
with eggs of male-producing tendency. The analyses 
show that during the season successive clutches present 
higher and higher storage, i. e., the earlier clutches store 
less — are more male-like ; the later ones all store more — 
are more female-like; and as we have seen, the eggs of 
the low storage period give rise to males, those of the 
high storage period produce females. Here we obtain a 
close view of that upon which sex difference rests. Un- 

8 Papers read before the American Society of Zoologists. For abstract, 
see Science, N. S., Vol. 35, pp. 462-463, March 22, 1912. 
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mistakably, less storage and high storage pertain respec- 
tively to the male- and female-producing germs. Un- 
mistakably, our procedure— connected with generic 
cross, season and overwork— delivers males from the 
smaller storages in the earlier eggs. Unmistakably, these 
procedures raise the storage in all of the later eggs, and 
unfailingly we then find that these eggs yield only, or al- 
most exclusively, females. And if we eliminate the factor 
of wide— or generic— cross and mate the female with 
one of her own species, then we see that the production 
of males and females coincides from the first with two 
sizes of eggs in the clutch— males from the smaller first, 
female from the larger second. Only after overwork 
and season have raised the storage value of the eggs, is 
this situation, in such a mating, seriously disturbed. And 
the disturbance— associated with an increase in the stor- 
age metabolism of all the eggs,— delivers, as before, an 
excess of female offspring. 

The progressive increase in storage capacity of the eggs 
during the season— under overwork— is to be interpreted 
as a decrease in the oxidising capacity of these same eggs. 
Living cells in general dispose of ingested food material 
by storing it, or by burning it. The products of the ox- 
idation are removable and do not serve to increase the 
bulk of the cell. Likewise the low-storage capacity of the 
male-producing eggs as compared with the high-storage 
capacity of female-producing eggs is therefore an index 
of higher oxidizing capacity of the male-producing eggs 
as compared with the female-producing eggs. 

The fifth correlation relates to the percentage of water 
in the eggs of spring and autumn, and in the two eggs of 
the clutch. These figures for one series of analyses are 
given on the chart (3) last examined. They show a 
higher water content for the eggs of the spring (male- 
producers) as compared with the eggs of autumn (female- 
producers) ; indeed, each pair of eggs from the first of 
the season onward has a slightly higher moisture value 
than the pair that follows it. The analyses further show 
a higher percentage of water in the first egg of the clutch 
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than in the second in all cases. If the results of my 800 
analyses all ran as smoothly as do the 8 of this series there 
would be no doubt of a perfect correlation of high mois- 
ture values with small eggs, i. e., with male-producing eggs 
—both small eggs of season, and small eggs of individual 
clutches. But the results are not thus uniform and 
smooth. There are some series which seem seriously to 
depart from the order noted above. These can not be dis- 
cussed here. We can, however, record our own belief that 
the situation represented in the chart is, in the main, in- 
dicated by the moisture determinations. 

Now the evidence that higher water values are asso- 
ciated with male-producing eggs, lower water values with 
female-producing eggs is of high importance in connec- 
tion with our own generalization as to the basis of ger- 
minal sex-difference; and is further of much interest as 
being* the means of demonstrating that in the— as I be- 
lieve—several valid cases of sex-control now known, one 
thing in common has really been effected, this though the 
work has been carried out on a considerable variety of 
animals, and though the procedures have themselves been 
most various. The thing that seems to have been effected 
in all cases has been the raising or lotuering of the gen- 
eral metabolism of the treated germs. If this conclusion 
be definitely established biology may congratulate itself 
that the further and complete analysis of this hereditary 
character lies near at hand; is open to definite and easy 
attack by methods already of demonstrated trustworth- 
iness in this and other fields. And surely if such result 
is possible it is timely, now when the "box within box" 
revival has the sex character, like all others, dissociated 
from all processes that can be studied or measured, and 
associated with a particle so minute as hopelessly to defy 
all direct and functional investigation. 

That higher water values in the tissues is associated 
in development with increased metabolism is a fact well 
established. We need cite here in reference to "tissue 
growth and repair ' ' only the well-known fact of the higher 
water-content of embryonic tissues, and Minot's calcula- 
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tion that in a particular mammal 99 per cent, of growth 
power is lost before birth. In respect to "heat produc- 
tion" or the "basal metabolism" of embryo and adult the 
data for comparison are not extensive, but it too lends sup- 
port to the view that this basal metabolism is higher in 
the young than in the adult. It may be added that Ben- 
edict and Emmes 9 have recently shown by very exact 
measurements that the basal metabolism of men is higher 
by about 6 per cent, than that of women. 

If a higher metabolism exists in male-producing germs, 
and this is associated with higher water-content, as we 
concluded in 1911, it is easy to see why a number of proce- 
dures have since been shown to effect a control of the 
production of sex. In 1912 Miss King desiccated toads' 
eggs and obtained 87 per cent, of females. This was 
the converse of the earlier experiments of Hertwig, and 
of Kuscheke witch, who "over-ripened" frogs' eggs— a 
process during which they were found to take tip ivater — 
and obtained, in the experiments of the latter author, as 
many as 100 per cent, of males. I think we can now see 
it was a shifting of the metabolism, through the agency 
of the water values, that produced the shifting of sex in 
the eggs of the frog and the toad. 

More recently still, Whitney has effected a change in the 
sex of the offspring of the rotifer— Hydatina — a change 
from female- to male-production by means which he con- 
siders as serving to increase metabolism in the treated 
forms. Confirmation of Whitney's conclusion that it is a 
heightened metabolism that brings about male-production 
is now to be had in the result obtained by Dr. A. F. Shull 10 
who finds that an increased oxygen supply leads toward 
an increased production of males in Hydatina. It now 
seems clear that a heightened metabolism in the Rotifers 
is the agency of increased male-production. 

» Benedict, F. G., and Emmes, L. E., "A Comparison of the Basal 
Metabolism of Normal Men and Women," Jour, of Biol. Chem., Vol. 20, 
No. 3, 1915. 

!o Advance abstract of a paper to be presented at these meetings, Decem- 
ber 29, 1915. 
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The greater production of males in cattle— indicated 
by Thury, Russell, and several others— from eggs that 
have remained unfertilized for a period of hours, is al- 
most certainly correlated with an increased water-content 
which these eggs obtain before fertilization. "We do not 
know by direct observation that the ova of the cow takes 
up water from the fluids that it meets in the reproductive 
passages. We do know that this is true for the eggs of 
every amphibian, reptile and bird that has been investi- 
gated. Von der Stricht has, however, described phenom- 
ena in the yolk granules of the extra-ovarian egg on one 
mammal— the bat — which phenomena I am quite assured 
from my own earlier studies on the yolk spheres, definitely 
indicate that in this one mammal in which the data permit 
a judgment, the egg does take up water from the fluid that 
it meets in the Fallopian tube. There is good reason to 
believe that the changed sex-ratios of cattle can be asso- 
ciated with changes in the egg-metabolism effected 
through, or connected with, differential water values. 

The important recent work of Baltzer convincingly 
shows the plastic, fluid, controllable and reversible na- 
ture of sex in Bonellia. And, it would be difficult to be- 
lieve that the larva that attaches itself to the "riissel" 
of an adult, then quickly and fully differentiates, and be- 
comes a male, is not displaying a higher metabolism than 
is the larva that rests for long in the mud and sand, and 
after prolonged growth becomes a female. Baltzer 's 
results deserve a much more extensive statement than 
can be given here. 

Many points, too, in Geoffrey Smith's illuminating 
studies on sex in the spider crabs would seem to be in har- 
mony with the view that the castrated males progressively 
lose their initial advantages of a higher metabolism, and 
that they then become more female-like as they approach 
the lower metabolic levels which are normal to the fe- 
males. Though Smith, so far as I am aware, has not 
thus interpreted his results. 

The point to these citations is that sex control, in the 
several various forms in which it has been accomplished, 
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has been accomplished fundamentally by the same means 
in all— a changed metabolism, in which a higher water- 
content of germ and higher metabolism for male-produc- 
tion, and lower water-content and decreased metabolism 
for female production, have been definitely shown to be 
associated in a number of instances. Whitman learned 
in pigeon hybridization an additional— an entirely dif- 
ferent — means of accomplishing the same end of height- 
ening the metabolism of the germ. And, this additional 
means definitely tends toward male-production. The 
wider the cross (within the limits of the "developmental 
compatibilities" of the germs) the greater the vigor and 
strength added by the mere act of crossing— and at the 
same time the more assuredly will such crosses produce 
males. Even the closely related varieties used in most 
Mendelian crosses have not failed to indicate the greater 
vigor of the heterozygote. 

A sixth series of studies has been made on size of the 
parents and offspring concerned in these sex-controlled 
series. Seasonal and age fluctuations in the parents, and 
in both sexes of both parent species ; size of offspring as 
related to their sex, to season, and to the egg of clutch, 
have been studied during three and one half years. "We 
have found no subject that presents so many complica- 
tions as does the matter of the size of offspring in this 
series. Only a single aspect of the matter will be treated 
here. The seasonal fluctuation in size of the parents used 
in the "overworked" or sex-controlled series is, how- 
ever, a simple matter. Our results show— as indicated 
by the lower curve on the chart (1)— that such parents 
weigh most in winter and spring; least in the autumn, 
reaching a minimum in August and September. In other 
words, during the period when the female parent lays 
her largest eggs, she herself, and her consort, are smallest 
in size. I have had no charts prepared showing the sea- 
sonal curves for individual birds, but data for such curves 
in great number are available. 

Now, the single word I wish to say on the relation of 
size in the offspring to the order of the eggs of the clutch, 
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and as affected by the procedure of overwork, may be 
more quickly said with the aid of the charts. 

One chart (only Chart 2 is reproduced here) shows the 
weight average of each individual hatched during the 
year, from two simultaneous matings of alba X risoria. 
Series I is from an older pair, previously overworked; 
series II is from a younger pair, little— or not at all — 
previously overworked. It will be noted that series I is 
throwing large eggs, a predominance of females, and that 
the size of the offspring— even of the males— is prevail- 
ingly that of the females rather than the males of the 
parent species. 11 Series II is throwing smaller eggs, a 
nearly equal proportion of the sexes, except at the end 
of the season, and the size of the offspring is decidedly 
larger than in series I ; and, in fact, approximates to the 
size of the males of the parent species. In both of these 
series it will be observed that size of offspring 12 is also 
correlated with the order of eggs in the clutch. 

For series I, we have complete data for the year pre- 
ceding and the year following the term covered by the 
chart. The weights for the former were: Av. for cf's 
172 gr. ; ?'s 166 grams. For the succeeding year— early 
1915— these weights are J"s 157 gr. ; ?'s 156 gr. Clearly, 
during the three-year period a change in size of offspring 
is progressively occurring; and the change runs from a 
size comparable to that of the males of the parent species, 
to a final size that is somewhat below that of the females 
of the parent species. The egg-size was known in this 
same series to have progressively and simultaneously 
changed from greater male-producing tendency to a de- 
cided female-producing tendency. 

The seventh line of study intended to analyze the sea- 
sonal and clutch deliveries of the sex-controlled series is 
concerned with arrangements by which the sex-behavior 
of the birds from such series is tested. In these pro- 

n The males, in both of these species, average 10-15 grams heavier than 
the females; the risoria birds are slightly larger on the average (5-10 
grams) than alba. 

i 2 The weights given for individual birds represent the average of the 
monthly, or bi-monthly weights for the year. 
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cedures female is mated with female, and male with male. 
Such pairs— from- a very few selected pairs of parents- 
are kept mated for a period of six months. The three 
and one half years that this study has been pursued has 
enabled us— using 30 to 50 birds— to test one and the 
same bird with seven others. Most of the birds used— 
for lack of 'Success with the incessantly fighting males- 
have been females, and most of the seven successive tests 
with each bird have been made with its sisters of the same 
series. The members of the pairs are kept apart except 
when under observation; when put together — as they are 
twice daily— the records are taken of those females of 
the pair which behave as males in copulation with their 
mates. Three facts are definitely established by the data 
obtained: (1) The females of the orientalis X alba cross 
(they are dark in color) are more male-like in their sex 
behavior than the females of the reciprocal cross (these 
are white in color). (2) Females hatched from eggs laid 
earlier in the season are more masculine in their sex be- 
havior than are their own full sisters hatched later in 
the season. And, several grades of females can be thus 
seriated according to season of hatching. (3) The female 
hatched from the first egg of the clutch is more masculine 
than her sister hatched from the second of the clutch 
in a great majority of the cases. And in nearly all these 
latter matings the more masculine bird is so decidedly so 
that she takes the part of the male a full 100 per cent, of 
the time in copulating with her very feminine clutch-mate 
sister. 

A fuller account of this situation was given, with the 
assistance of charts too large to exhibit or describe here, 
before the Society of Zoologists in 1913. 13 The nature 
of this behavior has been adequately recorded by means 
of moving-picture films. Such records were also made 
showing the reversal of the known sex-behavior of such 
pairs by means of appropriate injections of ovarian and 
testicular extracts. Those films were demonstrated in 
this hall— or in one near-by— in connection with an ad- 

is Abstract in Science, March 20, 1914. 
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dress before the local chapter of Sigma Xi some 20 months 
ago. 

The injection of the extracts of gonads, performed 
now on the third series of birds, has resulted — quite 
against our wish— in the death of a number of birds. In 
the main the deaths from ovarian injections were of the 
more masculine birds; while the deaths from testicular 
injections have been among the more, or most, feminine 
birds. The numbers concerned at present are not large, 
and a further definite study of the matter will be made 
before final conclusions are drawn. But the limited data 
now at hand indicate that the eighth correlation listed 
on Chart 1 is as it is exhibited there. 

A ninth, and very accurate and convincing kind of in- 
formation concerning the germs involved in these sex- 
series has been obtained by means of the bomb calorim- 
eter. The heat of combustion ' of some 200 egg-yolks 
has been determined. One such series of determinations 
for 1914, in which all available eggs were burned, is 
shown on Chart 4. It will there be seen that the first 
clutch of the season bore a higher caloric value than the 
second, but is otherwise the smallest of the year. Be- 
ginning with the second clutch laid in June, the succeed- 
ing clutches to December 1 bear higher and higher heat 
values. In all clutches too, except the very first, the 
second eggs show a higher storage of heat units than 
do the first of the clutch. Here we find the conclusions 
reached from studies on the weights of yolk, and on yolk 
analyses, fully confirmed by a study of the burning value 
of the materials stored. And confirmed by a method in 
which the error involved in the determination is wholly 
negligible. The most accurate method, for the study of 
the storage values of male- and female-producing ova, 
gives too the results most consistent with the breeding 
data. 

The tenth and last of these correlations deals with 
embryological or morphological data. It was found that 
some females dead at relatively advanced ages showed 
persistent right ovaries. The right ovary in pigeons 
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normally begins degeneration at or before hatching and 
is wholly absent from the week-old squab. It soon be- 
came evident that the persistent ovaries were found prac- 
tically exclusively in birds hatched from eggs of over- 
worked series. Further study has shown in addition that 
they arise almost wholly from the eggs of autumn, and 
predominantly then from the second egg of the clutch- 
that is from eggs otherwise known to have the greatest 
or strongest female-producing tendency. These ovaries 
have sometimes weighed nearly a third as much as the 
adult left ovary with which they were associated, and 
have been found in such birds dead at all periods from a 
few clays to fifteen months. We here attempt no ade- 
quate description of this situation, but one can not have 
observed the frequency of the persistence of this ovary 
in the birds hatched from the eggs otherwise known to 
be the most feminine from these overworked series with- 
out conviction that the same pressure which carries the 
eggs of spring from male-producing to female-produc- 
ing levels, also carries the earlier female-producing level, 
to another yet more feminine. 

In conclusion, the studies that have thus far been made 
on sex, and on the experimental control of sex, in pigeons 
go very far, we believe, toward an adequate demonstra- 
tion that germs prospectively of one sex have been forced 
to produce an adult of the opposite sex— that germs nor- 
mally female-producing have, under experiment, been 
made to develop into males ; and that germs which were 
prospectively male-producing have been made to form 
female adults. That neither selective fertilization, dif- 
ferential maturation nor a selective elimination of ova 
in the ovary can account for the observed results. Fur- 
ther, and perhaps of more importance, these studies 
throw much new light on the nature of the difference be- 
tween the germs of the two sexes. This difference seems 
to rest on modifiable metabolic levels of the germs ; males 
arise from germs at the higher levels, females from the 
lower; and such basic sex differences are quantitative, 
rather than qualitative in kind. 



